FIG. 1 




FIG. 2 



Supply a wafer 
(to plasma etching chamber) 



Fix the wafer to lower electrode 
(electrostatic chucking, wafer cooled) 



Feed etching gas 



Apply voltage to upper 
and lower electrodes 



Start etching 



v 



Terminate etching 
(Terminate voltage application 
and gas feeding) 



SA1 



SA2 



SA3 



SA4 



•SA5 



SA6 



FIG. 3 




FIG. 4 



ON 

N2 gas feeding 
OFF 
ON 

CF gas feeding 
OFF 




Oxidation with N2 and etching of organic 
/inorganic hybrid film 








— —> 




Time 



Voltage 
application 



FIG. 5 (a) 



eg 

a 
o 
•«— i 
+-> 

CO 

a 

<x> 
a 
a 
o 
o 



s 

o 



100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 











" inorganic j 


; Silicon 


hybrid i 


/ substrate 


film j 




^_r 0ls !/ 




/"""^Si2pj\ 








l\ 

r Nis j 




1 LJ 





50 100 150 200 250 300 350 400 
Sputter Time(min) 
(Film type a) 



FIG. 5(b) 



c 

o 

•r-i 

co 

4^ 

C 

CD 
O 

c: 
o 
o 



o 



100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 



^ n! /-'"n/- 



Organic/ 
inorganic 
hybrid 
film 



# 

# 




-I— r- 



Silicon 
substrate 



0 50 100 150 200 250 300 350 400 
Sputter Time(min) 

(Film type b) 



FIG. 6(a) 



c 
o 

•1—1 
CO 

c 

O 

c 

o 
o 



e 

o 




0 50 100 150 200 250 300 350 400 
Sputter Time(min) 
(Film type c) 



FIG. 6 (b) 



a 

o 



CO 

c 

CD 
O 

c 

o 



s 

o 



100 
90 
80 
70 
60 
50 
40 







Organic/inorganic j / 


Silicon 


_ hybrid film j / 


substrate 














M ! % A 

r i \ 









50 100 150 200 250 300 350 400 
Sputter Time(min) 
(Film type d) 



FIG. 7 




FIG. 8 



Supply a wafer 
(to plasma etching chamber) 


~SB1 




/ 




Fix the wafer to lower electrode 
(electrostatic chucking, wafer cooled) 


~SB2 




/ 




Feed etching gas 


~SB3 




/ 




Apply voltage to upper 
and lower electrodes 


~SB4 




/ 




Start etching 


— — SB5 


V 


/ 




Switch etching gas 
(switch between N2/CF etchings) 


~SB6 


\ 


/' 




Terminate etching 
(Terminate voltage application 
and gas feeding) 


~SB7 



FIG. 9 



Etching of 
organic/ 
inorganic 

hybrid film 



Etching of 
organic/ 
inorganic 

hybrid film 



Etching of 
organic/ 
inorganic 

hybrid film 



ON 

N2 gas feeding 
OFFH 
ON 

CF gas feeding 
OFF 



Etching gas 
feeding 



with N2 





Oxidation 
with N2 


j lOxidation 
/ ! with N2 


\ 


Oxidation 
with N2 ! 

































Time 



Voltage 
application 



o o o ooo o o 

CM rvi C<l CO CMC\] CSI C\J 




LO ^ CO CNI r— I O 

O o O OOO O 




o oooooo o 

CO CO CO CO CO CO CO CO 




CO LOC^-^COCOt— i o 

o o o o o o o o 

CO CO CO CO CO CO CO CO 





LO CO CO CM r— I O 

o o o o o o o 




LO CO ^ CO CO H o 

o o o o o o o 




LO ^ CO CM t— I O 

o o o o o o 




FIG. 13 



< — 


First stage 




Second stage 






— > 


< > 



N2 gas feeding 
0 

PFC gas feeding 
0 



Voltage 
application 



> 

Time 



FIG. 14(a) 



• • • • 

• • • • 

/////// 




• • • • 

• • • • 

/////// 


















/ / / / / 



506 
505 

504 

503 

502 
501 

500 



/ / / / / 



FIG. 14(b) 



zzzzzzz 




/- 



506 

505 
507 
504 
-503 
-502 
-501 

^500 



FIG. 14(c) 




FIG. 15(a) 







'///// 




/ / / / / 



505 
507 
504 
503 
502 
501 
500 



FIG. 15(b) 




FIG. 15(c) 



/////// 




/;/////■ 




V//// 




/////■ 



505 

508 A 

504 

503 

502 

501 

500 



FIG. 15(d) 




FIG. 16(a) 



• • • ■ 

////'/// 




m • • • 
• • • • 

y y ) y y / y 


- ' — 








i 














/ / / / / 



606 
605 

604 

603 

602 
601 

600 



zzzzzzz 



FIG. 16(b) 



ZZZZZZZ 



• * 



606 

605 
607 
604 
603 
•602 
•601 

•600 



FIG. 16(c) 



/////// 




/////// 





























605 
607 
604 
603 

602 
601 

600 



• ■ 



////// z\ 



V z z / / z z 



FIG. 17(a) 




608 

605 
607 
604 
603 

602 
601 

600 




FIG. 17(c) 




FIG. 18(a) 




FIG. 18(b) 



610 
605 




FIG. 18(c) 




FIG. 18(d) 




CO 

o 

_i_ 



LO CT> ^ CO CNl i— I 

O- o o o o o 

[>- I>- O- t>- 



o 
o 

1 



\ 



. \ 
s 
• \ 
. \ 



\ 
\ 





o 

I — I 
(X 



GO 

o 



LO 
O 



o 



CO CM • 
O O O 

c — c — c — 



cz=> 
o 




o 

I — I 



o 



-2> 



CO 

o" 
t>- 



o 



LO 

o 



o 



o 
o 



4 





o 

I — I 



i— i LO (M ^ O CO (M i-h O 
i — i Ot— 100^ — iOO O O 
ir — tr- — tr- — tr — tr- — tr — c — c — o- i>- 




i— i O O O i o o o o 
i>- ir — c*- — tr^ — cr — c — tr — i: — t>- 




CO LOCft^OCOCslr-H o 
O OOOr— IOOO o 
cr- — c — ir — cr- — c — tr — c — o- 




FIG. 22(a) 

PRIOR ART 



15 

14 

13 
12 
11 

10 



FIG. 22 (b) 

PRIOR ART 



15 

16 
14 
13 
12 
11 
10 



FIG. 22(c) 

PRIOR ART 





















/ / / / / 




/ / / / / 



16 
14 
13 
12 
11 
10 



FIG. 22(d) 

PRIOR ART 



















^ — 










/ / / / / 



16 
14 
13 
12 
11 
10 



FIG. 23(a) 

PRIOR ART 



15a 
15 

14 
10 



FIG. 23(b) 

PRIOR ART 



• ••••• 






--—15a 








~15 








—-16 








~14 


/ / / / / 


~10 



FIG. 23 (c) 

PRIOR ART 




FIG. 23(d) 

PRIOR ART 







/ 


16 








~ 14 


/.//// 


~ 10 



> 




FIG. 24(b) 




FIG. 26(a) 



( /////////////, 




^^^^^ ^^^^^^^ 




